Background: Nintedanib is an oral, triple angiokinase inhibitor of vascular endothelial growth factor/platelet-derived growth factor/fibroblast growth factor receptors. This randomized, multicenter, open-label, phase I/II study evaluated the safety, pharmacokinetics, maximum tolerated dose (MTD) in terms of dose-limiting toxicities (DLTs), and efficacy of nintedanib versus sorafenib in Asian patients with unresectable advanced hepatocellular carcinoma (HCC). Patients and Methods: For the phase I portion, patients were stratified into two groups according to their alanine aminotransferase/aspartate aminotransferase (ALT/AST) and ChildPugh score at baseline. For phase I, the primary endpoint was determination of the MTD in terms of DLTs. For phase II, patients with a Child-Pugh score of 5-6, an Eastern Cooperative Oncology Group performance score ≤2, and an ALT/AST ≤2× the upper limit of normal were enrolled and randomized 2: 1 to nintedanib 200 mg twice daily (b.i.d.) (the MTD determined in phase I) or sorafenib 400 mg b.i.d. continuously in 28-day cycles until intolerable adverse events (AEs) or disease progression (PD); treatment beyond PD was allowed if clinical benefit was perceived. The primary endpoint for phase II was time to progression (TTP) by central independent review (CIR; by Response Evaluation Criteria in Solid Tumors v1.0); the secondary endpoints included overall survival (OS). All analyses were exploratory. Results: The MTD was 200 mg in both groups. For phase II, 95 patients were randomized to nintedanib (n = 63) or sorafenib (n = 32). For nintedanib and sorafenib, respectively, the median CIR TTP was 2.8 vs. 3.7 months (hazard ratio [HR] = 1.21, 95% confidence interval [CI] 0.73-2.01) and the median OS 10.2 vs. 10.7 months (HR = 0.94, 95% CI 0.59-1.49). Nintedanib-treated patients had fewer grade 3 or higher AEs (56 vs. 84%), serious AEs (46 vs. 56%), and AEs leading to dose reduction (19 vs. 59%) and drug discontinuation (24 vs. 34%). AEs associated more frequently with nintedanib were vomiting and nausea, whereas those associated more frequently with sorafenib were ALT/AST increases, diarrhea, rash, and palmar-plantar erythrodysesthesia syndrome. Conclusions: Nintedanib showed numerically similar efficacy to sorafenib for CIR TTP and OS in Asian patients with advanced HCC and adequate liver function. AEs were generally manageable.
Introduction
Globally and in the Asia-Pacific region, liver cancer is one of the top three causes of cancer death [1, 2] . Hepatocellular carcinoma (HCC), the most common form of liver cancer [3] , is most commonly associated with chronic hepatitis B virus (HBV) or hepatitis C virus (HCV) infections [3] . Worldwide, approximately three-quarters of people infected with HBV are Asian [3] , and in most Asian countries, chronic HBV infection underlies the etiology of 70-80% of HCC cases [2] .
HCC is a hypervascular tumor [4] involving dysregulation of several angiogenic growth factors such as vascular endothelial growth factor (VEGF) [5] [6] [7] , epidermal growth factor [5] [6] [7] , platelet-derived growth factor (PDGF) [5] [6] [7] , and fibroblast growth factor (FGF) [8] . Sorafenib, a small-molecule kinase inhibitor of VEGFR, PDGFR, RAF, c-KIT, and FLT-3, is the only targeted drug approved worldwide for the first-line treatment of advanced HCC. In pivotal phase III trials in Western [9] and Asian patients [1] , sorafenib was shown to result in significantly improved overall survival (OS) compared to that achieved with placebo. However, the effect of sorafenib in HCC is modest, with a median OS prolongation of 2.3 months for patients in the Asia-Pacific region compared to placebo, and treatment is accompanied by significant toxicity [1] . Different risk factors and etiologies between Western and Asian populations, such as different rates of HBV and HCV infection, could account for important differences in responses to targeted therapies [10, 11] . Consequently, there is a continued need for development of targeted drugs that might provide more sustained or equivalent disease control and survival benefit and have a better or different adverse event (AE) profile than sorafenib in advanced HCC.
Nintedanib is an oral, small-molecule, triple angiokinase inhibitor of VEGFR1-3, PDGFRα and β, FGFR1-3, FLT-3, Lck, Lyn, and Src [12] , with antitumor and antiangiogenic activity in preclinical models of HCC [13] . Nintedanib is metabolized in the liver [14] , and thus the safety and pharmacokinetics (PK) of nintedanib in patients with liver impairment may be different from those in patients with preserved liver function. Moreover, the safety and PK of nintedanib may be different in Asian patients than in Caucasian patients with advanced HCC.
Nin tedanib was approved in Europe, in combination with docetaxel, after first-line chemotherapy, for advanced, metastatic, or locally recurrent non-small-cell lung cancer tumors of adenocarcinoma histology.
We report the results of a randomized, multicenter, open-label phase I/II trial that evaluated the maximum tolerated dose (MTD) of nintedanib in terms of dose-limiting toxicities (DLTs), PK, safety, and efficacy of nintedanib versus sorafenib in Asian patients with advanced HCC (ClinicalTrials.gov registration: NCT00987935; trial identification number: 1199.39). A similarly designed trial conducted with mostly Caucasians is reported separately (ClinicalTrials.gov registration: NCT01004003; trial identification number: 1199.37) (unpublished data).
Patients and Methods

Study Population and Eligibility
The key inclusion criteria included: age ≥18 years; advanced HCC not amenable to curative/locoregional therapy and with ≥1 measurable lesion by Response Evaluation Criteria in Solid Tumors (RECIST) v1.0 (for phase II); Eastern Cooperative Oncology Group performance score ≤2; Child-Pugh score 5-6 (class A) and alanine aminotransferase/aspartate aminotransferase (ALT/AST) levels ≤2 times the upper limit of normal (ULN) (for phase II and phase I group I; phase I group II had ALT or AST > 2 to ≤5 times the ULN or Child-Pugh score 7); > 4 weeks since most recent local therapy; no prior systemic therapy for HCC, except in phase I, where 1 prior line was allowed; no history of other malignancy within the past 3 years; and life expectancy ≥12 weeks. Patients with serum creatinine and/or bilirubin > 1.5 times the ULN were excluded.
Study Design and Treatment
This was a phase I/II trial in which patients were initially stratified into two groups for phase I (group I: ALT and AST ≤2 times the ULN and Child-Pugh score 5-6; group II: ALT or AST > 2 to ≤5 times the ULN or Child-Pugh score 7), with patients from both to be included in phases I and II. Following a protocol amendment, it was decided to proceed only with patients from group I in phase II because the MTD was reached sooner in that group and recruitment in group II was very slow owing to lack of eligible patients. For phase II, 95 patients were randomized 2: 1 to receive nintedanib 200 mg twice daily (b.i.d.) (n = 63) or sorafenib 400 mg b.i.d. (n = 32) continuously, in 28-day cycles, until intolerable AEs or disease progression (PD). When the trial was conceived, more data on nintedanib, especially regarding safety, were sought; a small active comparator group, using a 2: 1 randomization ratio, was therefore chosen to allow direct comparison (rather than performing an uncontrolled study, which was common at the time). Treatment beyond PD was allowed at the discretion of the investigator.
The MTD determination methods and the DLT definitions for nintedanib are presented in the online supplementary material (for all online suppl. material, see www.karger.com/doi/10.1159/000486460).
Extensive plasma and urine sampling was performed during the first treatment course to describe the PK characteristics of nintedanib and its metabolites BIBF 1202 and BIBF 1202 glucuronide. Assessments were performed according to the schedule shown in the online supplementary material.
Randomization was performed by an integrated response system using a validated randomization number-generating system. Patient randomization was stratified by presence of extrahepatic spread (EHS) and macrovascular invasion (MVI) (EHS and/or MVI present vs. both absent). The full details of randomization, as well as the dose reduction scheme and trial procedures and assessments, are shown in the online supplementary material. Antiviral treatment was recommended for patients with chronic HBV infection.
Study Outcomes
The primary endpoints for phase I and II, respectively, were determination of MTD in terms of DLTs and time to progression (TTP) by central independent review (CIR) according to RECIST v1.0.
The main secondary endpoints for phase II were objective tumor response according to RECIST v1.0 assessed by CIR, defined as a best response of complete response or partial response, progression-free survival (PFS) assessed by CIR, and OS. Definitions and further outcome measures are described in the online supplementary material.
Pharmacokinetic Sampling
For quantification of nintedanib, BIBF 1202, and BIBF 1202 glucuronide plasma concentrations, 5 mL of blood was taken from a forearm vein in an EDTA-anticoagulant blood drawing tube at the following time points in the first treatment course (days [15] [16] : immediately prior to swallowing the dose of nintedanib (predose) and 1, 2, 3, 4, 5, 7, 10, 12 (allowed time frame 11-13 h), and 24 h (allowed time frame 22-26 h) after drug administration on day 15 (the evening dose on day 15 was omitted).
Urine was sampled at the following intervals: 0-4 h, 4-12 h, and 12-24 h after nintedanib administration on day 15-16. The urine weight/volume for each collection interval was documented, and 2-mL aliquots were stored for bioanalytical measurement.
Plasma and urine concentrations of nintedanib (in the form of its free base BIBF 1120 BS), its metabolite BIBF 1202 (in the form of the free zwitterion BIBF 1202 ZW), and the acyl glucuronide thereof (BIBF 1202 glucuronide) were determined by validated assays based on liquid chromatography-tandem mass spectrometry.
For the evaluation of nintedanib plasma protein binding, 10-mL blood samples were collected in devices coated with EDTA before the very first drug administration. In vitro protein binding was determined by means of equilibrium dialysis using radiolabeled compound (non-Good Laboratory Practice).
Statistical Analysis
For both phases, the treated set included all patients who received at least one single dose of nintedanib and was used for safety and efficacy analyses. The PK set, which was used for all PK analyses, included all evaluable patients in the treated set who provided at least one observation for at least one PK endpoint without important protocol violations relevant to the evaluation of PK. All safety and PK analyses were descriptive and exploratory. No per-protocol population was used for the safety and efficacy analyses (an intent-to-treat approach was used) although important protocol violations were described.
For phase II, TTP, OS, and PFS were assessed based on the Kaplan-Meier method for each group separately; point estimates, together with confidence intervals (CIs) (based on the Brookmeyer and Crowley method), were provided for median TTP, median OS, and median PFS. Estimates of the effect of nintedanib versus sorafenib treatment on TTP, OS, and PFS were given by the hazard ratio (HR) and its 95% CI using a stratified Cox proportional hazard model. Sample size calculations are presented in the online supplementary material.
WinNonlin 5.2 (Certara, Princeton, NJ, USA) and SAS version 9.2 (SAS, Cary, NC, USA) were used for all statistical and PK analyses.
Results
Patient Disposition and Characteristics
For phase I, 39 patients were recruited: 10 in group I and 29 in group II, all of whom received at least one dose of nintedanib. Further phase I patient details are presented in the online supplementary material.
Of 139 enrolled patients, 95 were randomly assigned to the phase II part between April 6, 2011 to January 17, 2012, and all received at least one dose of nintedanib (n = 63) or sorafenib (n = 32), in 16 centers in Taiwan and Korea (online suppl. Fig. S1 , CONSORT diagram). Baseline characteristics were well balanced between the two treatment groups except for alpha-fetoprotein (AFP) values > 20 μg/L (nintedanib 76.2% vs. sorafenib 65.6%), MVI (nintedanib 47.6% vs. sorafenib 31.3%), and Barcelona Clinic Liver Cancer (BCLC) stage C (nintedanib 84.1% vs. sorafenib 93.8%) and stage B (nintedanib 14.3% vs. sorafenib 3.1%) ( Table 1) . Although the presence of MVI was not balanced, the combination of MVI and EHS (EHS and/or MVI present vs. both absent) was used as a stratification factor and therefore was balanced between treatment arms. 
Patient Treatment Exposure
For phase II, the median treatment duration was 118 days in the nintedanib group versus 144 days in the sorafenib group. The mean dose intensity was 97.6% in the nintedanib group versus 81.9% in the sorafenib group. Online supplementary Table S1 summarizes the nintedanib dose reductions and exposure for phase I. Nintedanib was rapidly absorbed followed by at least biphasic disposition kinetics (Fig. 1) . Maximum plasma concentrations were achieved around a median of 3 h (Table 2) . Trough plasma concentrations maintained a steady state throughout the observation period. BIBF 1202 plasma concentrations reached a maximum around a median of 3 h and also maintained steady state throughout the observation period. BIBF 1202 glucuronide plasma concentrations reached a plateau and stayed constant over the observation period.
Determination of MTD
The maximum concentration in plasma at steady state (C max,ss ) values as well as exposure in terms of area under the concentration-time curve between 0 and 12 h at steady state (AUC 0-12,ss ) values of nintedanib increased with increasing doses over the dose range tested ( Table 2) . High interpatient variability of PK parameters over all dose groups was observed. 
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The dose-normalized exposure parameters (C max,ss,norm and AUC 0-12,ss,norm ) generally remained constant over the different dose groups, taking into account differences in patient numbers between dose groups and the high variability of PK parameters. Renal elimination of nintedanib was low. Twelve hours after repeated dose administration, between 0.237 and 0.302% of the administered dose was recovered in urine (fe 0-12,ss ). Renal clearance (CL R,ss ) of nintedanib was low (9.87-18.8 mL/min) and did not change with the dose administered. Exposure to the two major metabolites of nintedanib, BIBF 1202 and BIBF 1202 glucuronide, generally increased in proportion to the nintedanib dose, taking the high variability into account (Table 2) . Ae 0-12,ss , amount of analyte eliminated in urine at steady state over the time interval 0-12 h; AUC 0-12,ss , area under the concentration-time curve between 0 and 12 h at steady state; b.i.d., twice daily; CL R,ss , renal clearance of the analyte at steady state based on 0-to 12-h data; C max,ss , maximum concentration in plasma at steady state; fe 0-12,ss , fraction of analyte excreted unchanged in urine at steady state over the time interval 0-12 h; gCV, geometric mean of the coefficient of variation; gMean, geometric mean; norm, normalized; t max,ss , time to reach C max,ss . a Median (range).
We observed a trend towards an increased geometric mean (gMean) exposure to nintedanib, BIBF 1202, and BIBF 1202 glucuronide in patients with HCC in group II compared to group I (online suppl. Table S2 ). However, the range of individual values strongly overlapped when data from both groups were compared. When data from Asian patients with HCC in either Child-Pugh category A or B were compared, a similar trend was observed; however, the number of patients in Child-Pugh category B was very low.
There was no relevant effect of HCC on plasma protein binding of nintedanib, neither for patients in group I or group II nor for patients in Child-Pugh category A. Because of the low number of patients in Child-Pugh category B, firm conclusions on the effect of liver impairment on nintedanib protein binding cannot be made. The overall mean plasma protein binding of nintedanib was comparable between HCC patients and control healthy volunteer samples with mean bound fraction values of 98.3 ± 1.3% and 97.4 ± 1.4%, respectively. Corresponding mean unbound fractions were at 1.70 ± 1.31% and 2.67 ± 1.42%, respectively. The mean protein binding between patient groups I and II was comparable, with unbound fractions ranging from 1.28 to 2.03%. The free fraction observed in samples from patients assigned to Child-Pugh category A was also comparable to those observed in groups I and II, with a mean unbound fraction of 1.72 ± 1.32%. The protein unbound fraction in samples from patients assigned to Child-Pugh category B was 0.997% (sample from 1 patient). The number of samples was limited, but the unbound fraction value was within the range of variability observed for the other patient subpopulations as well as for the healthy volunteer controls.
Efficacy
For the phase II primary endpoint, median TTP according to RECIST v1.0 by CIR was 2.8 months (95% CI 1.8-3.7) for nintedanib versus 3.7 months (95% CI 1.9-7.3) for sorafenib (HR = 1.21, 95% CI 0.73-2.01) (Fig. 2a) . For the secondary endpoints, median OS was 10.2 months (95% CI 6.8-13.0) for nintedanib versus 10.7 months (95% CI 7.5-12.4) for sorafenib (HR = 0.94, 95% CI 0.59-1.49) (Fig. 2b) . Median PFS by CIR according to RECIST v1.0 was 2.7 months (95% CI 1.8-3.7) for nintedanib and 3.7 months (95% CI 1.9-7.3) for sorafenib (HR = 1.19, 95% CI 0.73-1.93) (Fig. 2c) . Online supplementary Table S3 shows the best overall response according to RECIST and modified RECIST by CIR, including the secondary endpoint objective tumor response according to RECIST by CIR. Of the patients who were treated beyond RECIST progression, 12 (19.0%) were taking nintedanib and 9 (28.1%) were taking sorafenib. One patient in the nintedanib group who was treated beyond PD was treated for a total of 1,038 days; 2 patients out of the ones treated beyond PD had a partial response and were treated for 634 days and 132 days in total.
The phase II exploratory endpoint results are presented in the online supplementary material.
Safety and Tolerability
The phase I safety results are presented in the online supplementary material. Table 3 provides an overall summary of AEs occurring during the phase II portion. A total of 31 patients had AEs leading to dose reduction, 12 (19.0%) in the nintedanib group and 19 (59.4%) in the sorafenib group. Of the patients who had AEs leading to drug discontinuation, 15 (23.8%) were in the nintedanib group and 11 (34.4%) in the sorafenib group. Fewer [12.5%] in the sorafenib group), which was related to PD for all but 1 patient in each group (sepsis in the nintedanib group patient and acute coronary syndrome in the sorafenib group patient). A patient may have been counted in more than one seriousness criterion. Percentages were calculated using the total number of patients per treatment as the denominator. MedDRA v17.0 was used for reporting. AE, adverse event; b.i.d., twice daily; CTCAE, Common Terminology Criteria for Adverse Events. shows activity against FGF, but the FGF status of patients was not assessed. Given the molecular heterogeneity of HCC that could mask activity of a drug in unselected populations [6, 20, 21] and the crucial role played by FGF in liver carcinogenesis [8] , targeted studies could examine the response to nintedanib in FGF-enriched populations.
In conclusion, the current trial suggests that nintedanib may have similar efficacy to sorafenib in patients with advanced HCC, but with a different and manageable safety profile. A comparable trial (unpublished data) conducted in Europe in mostly Caucasians found similar results.
